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Abstract: The present thesis describes the development of a planet tool for an interactive school atlas using an eBook 
format. Especially the technical and cartographical capabilities of the open standard ePUB 3 are evaluated. An 
eBook application with interactive and dynamic 2-dimensional visualizations is developed especially to show 
whether the real-world dimensions and distances in the solar system can be mapped in a cartographical correct and 
for students easy understandable manner. In the first part of the work, the requirements of the planet tool are evalu- 
ated in co-operation with experts. The open standards PDF and ePUB 3 are investigated with regard to the require- 
ments for the development of the planet tool. Another chapter describes in detail all significant steps of the devel- 
opment process for a prototype of the planet tool. A graphic file originally created for print production is prepared 
and enhanced with interactive features to generate one of the eBook pages. This serves to show a potential workflow 
for the generation of eBook pages in a cross-media atlas production. All sample pages of the prototype show differ- 
ent layouts and contain the entire spectrum of interactive features and multimedia content of modern eBooks. The 
sample pages are presented and discussed in an own chapter. The results of the present work aim at answering the 
question concerning the suitability of the open standard ePUB 3 for the development of a multimedia eBook for high 
school education. 


Keywords: School Atlas, interactive, Solar System, Planets, Moons, eBook, Multimedia, ePUB, Cartography, Visu- 
alization 


1. Introduction 


The Swiss World Atlas (SWA) is the most widely used school atlas in Switzerland. Its first web version, the 
Swiss World Atlas interactive (SWAi), was designed as a freely usable desktop application with web connectivity. 
As the use of mobile devices has increased dramatically in recent years, the second version of the SWAi could have 
the format of an eBook. Therefor a prototype of a planet tool is developed which could be used in future school les- 
sons. The requirements on the planet tool are determined in co-operation with experts. Basis for this evaluation are 
the contents of the SWA print edition 2010 and some interactive illustrations of the solar system. The open eBook 
standards ePUB 3 and PDF are evaluated with regard to technical and cartographical capabilities. In the design and 
development process a focus is placed on accurate and easy understandable depictions of natural size ratios and dis- 
tances in the solar system. The results of the work, presented with four sample pages of the planet tool, are discussed 
in detail. The conclusion of the work leads to a decision whether or not the second version of the SWAi should be 
developed as an eBook. 


2. Aims and research issue 


The prototype of the planet tool should include the full range of content elements of modern multimedia eBooks: 
interactive (2-dimensional) graphics, video, audio, spreadsheets, photos and text. One sample page of the prototype 
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should contain a cartographic application with a 2-dimensional representation of the solar system. Tools should al- 
low the emphasis of the natural size ratios and the distances in the solar system. One sample page of the prototype 
should be produced by enhancing a graphic file of a print production with interactive contents. This is about the 
question of how a multimedia eBook can be developed in the process of a cross-media atlas production, concurrent 
with the production of a printed atlas. Finally, the following research question should be answered: Can a planet tool 
be developed with the technical and especially the cartographical capabilities of the open standard ePUB 3? And, 
does such a planet tool meet the requirements for modern high school education? 


3. Methods and approach 


The determination of the requirements for the planet tool is the first part of the work. For this purpose the content 
of the SWA print edition 2010 (chapter “Solar System and Stars”) is analysed by listing and grouping all infor- 
mation according to general categories. Some interactive representations of the solar system, presented at the ICC 
2013, are reviewed and prepared for presentation. A structured questionnaire is compiled for conducting expert in- 
terviews. Geography teachers at secondary level evaluate any information listed in the structured questionaire in 
terms of importance to high school education. Interactive representations of the solar system (presented at the ICC 
2013) are assessed according to a predefined evaluation scheme. Suggestions for improvements and further repre- 
sentations are recorded. An evaluation of presentation types for teaching content in terms of effectiveness in school 
lessons is carried out. In the second part of the work the open eBook standards ePUB 3 and PDF are analysed and 
compared in terms to technical and cartographical capabilities. Then the choice of the standard for the development 
of the planet tool is made. In the third (the main) part of the work the prototype of the planet tool is designed, devel- 
oped and implemented. Four sample pages are compiled with a fixed layout and are filled with content which was 
assessed by the experts as “relevant for high school education”. Common known methods of application develop- 
ment (e. g. structural design, coding, testing) are applied. The sample pages of the prototype have comprise the full 
range of interactive and multimedia contents of modern eBooks. The usability and readability of the illustrations and 
features of the prototype have to be evaluated. Systematical user tests with a larger group of teachers and students 
can lead to improvements of the planet tool and must be conducted and evaluated before the planet tool can be ap- 
plied “officially” in school lessons. 


4. Requirements for the planet tool 


The requirements for the planet tool can be devided into various categories. Content requirements are derived 
from the assessment of all information of the SWA print edition 2010 in terms of relevance to school lessons. Planet 
characteristics can be divided into the following categories: 

• Physical characteristics 

• Orbital characteristics 

• Further characteristics 

According to the results of the expert interviews, the following interactive representations of the solar system 
have the greatest relevance to school lessons: 

• Solar System overview and detail views 

• Planets in a direct comparison 

Thus, two themes for sample pages of the prototype can already be fixed. Each planet and the major moons can 
be introduced on a separate sample page. Saturn and its moon Enceladus are chosen for the creation of two further 
sample pages. A ranking of features and content elements of modern multimedia eBooks is the result of the evalua- 
tion of presentation types for teaching content in terms of effectiveness in school lessons: 
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1. Interactivity 

2. Animation 

3. Graphic 

4. Video 

5. Photo 

6. Spreadsheets 

7. Sound 

8. Text. 

Technical requirements for the planet tool are mainly set by the practical conditions in school lessons. Since stu- 
dents use their own tablets or laptops, different models from various manufacturers, the planet tool must be adapted 
to the technical capabilities of each device. The development with an open eBook standard such as ePUB 3 creates 
the best preconditions for a fault- free operation of the planet tool on an arbitrary device. 


5. Development of the Planet Tool 


5.1 Choice of the standard 


The appropriate eBook standard must be set prior to the beginning of the development. The technical and carto- 
graphical capabilities of the open standard PDF (Adobe, 2008) are initially evaluated for the creation of dynamic 
and interactive 2D and 3D graphics as well as for the integration of multimedia content. It is stated that the use of 
the open graphic standard Scalable Vector Graphics (SVG) is not possible with PDF. The open standard ePUB 3, 
however, includes the Web technologies HTML, SVG, CSS and JavaScript and therefore offers the most extensive 
capabilities for the development of the described prototype. The decision is therefore taken in favor of ePUB 3 as 
the application format for the planet tool. 


5.2 ePUB 3 


The open standard ePUB was developed by the International Digital Publishing Forum (IDPF), and its current 
version 3.0.1 was released in June, 2014. “EPUB defines a means of representing, packaging and encoding struc- 
tured and semantically enhanced Web content — including XHTML, CSS, SVG, images, and other resources — for 
distribution in a single-file format” (IDPF, 2016). The substandards of ePUB 3 must also be fulfilled in the devel- 
opment of the planet tool: The “Open Packaging Format” (OPF) defines the folder structure of the application and a 
central content file with a list of all linked application files. The “Open Publication Structure” (OPS) defines every 
usable file format for the contents of the eBook, and the “Open Container Format” (OCF) the inclusion and com- 
pression of all files in a single container file and the structure of the file system in it (Wikimedia Foundation, 2016). 
The required metadata of the application is stored in the central content file and is defined by the specification of the 
“Dublin Core Metadata Element Sets” (DCMES) (DCMI, 2016). 


5.3 Concepts 

Some basic decisions must be made prior to the development of the planet tool. A content structure has to be de- 
fined where each planet gets its own chapter. The major moons are presented in subsections of the planet chapters: 


1 . Solar system overview 
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2. Sun 

3. Mercury 

4. Venus 

5 . Earth (Moon) 

6. Mars (Moons: Phobos, Deimos) 

7. Jupiter (Moons: Io, Europa, Ganymed, Kallisto) 

8. Saturn (Moons: Enceladus, Tethys, Dione, Rhea, Titan, Iapetus) 

9. Uranus (Moons: Miranda, Ariel, Umbriel, Titania, Oberon) 

10. Neptune (Moon: Triton) 

All pages of the planet tool have landscape orientation. Each sample page is designed separately. Layout proper- 
ties such as the number of columns and the exact position of block elements are defined using a “fixed” layout. 

The separation of data (JSON), functions (JavaScript), page structures (XHTML) and definitions of graphical 
representations (CSS stylesheets) is respected as a principle of application architecture. All planetary data is stored 
in one file. The substandards of ePUB 3 must be fulfilled (see 5.2). The planet tool should be usable as a standalone 
application, independent of an internet connection. 

Each page content which cannot be displayed by a device (e. g. a vector graphic enlarged with a huge zoom fac- 
tor) requires a substitute representation, provided by a “fallback solution”. “Fallbacks in EPUB have two principal 
uses. One is to ensure that content documents can be rendered, and the other is to provide content alternative for po- 
tentially unsupported features and markups” (Garrish and Gylling, 2013). 

Two production processes are tested for the creation of the sample pages for the prototype: In the first process, all 
page contents are developed in a programming environment and are generated dynamically when the page is loaded 
by an eBook reader. In the second process, a graphic file from a print production is modified in a programming envi- 
ronment and enriched with interactive features. In this case, all contents are already included in the page file before 
it is loaded by an eBook reader. The second production process could be part of a cross-media atlas production 
workflow. 


5.4 Planet data 


The planet data is taken from Wikipedia (Wikimedia Foundation, 2016), and the Jet Propulsion Laboratory (JPL) of 
the California Institute of Technology (NASA, 2016). The data is adapted to a feasible structure and converted to the 
CSV file format. A second conversion to the JSON format is carried out which is used for central data storage. 


5.5 Programming 


The interactive and dynamic page contents (e. g. graphics, spreadsheets) are generated dynamically with JavaS- 
cript functions. Therefor the JavaScript library D3 (Bostock, 2016) is well suited. “D3 [...] is ideal for building inter- 
active SVG, HTML, and other DOM-based animations, visualizations, and applications. [...] It has been well re- 
ceived by the SVG and web visualization communities.” (Daley et al., 2012). The Document Object Model (DOM) 
is used to define a clear content structure for the dynamically generated graphics. “The Document Object Model is a 
platform- and language-neutral interface that will allow programs and scripts to dynamically access and update the 
content, structure and style of documents” (W3C, 2016). A few manipulations of the DOM are necessary during the 
use of the planet tool, for the realization of several dynamic and interactive features. The freely usable JavaScript li- 
brary “Astronomy .js” (Cross, 2016) is used and adapted to calculate and display the exact planet positions in real 
time (see 6.1). One fallback solution is required during the development of the first sample page of the prototype 
(see 6.1): A detailed view of each planet cannot be generated by a transformation of the 2D vector graphic of the so- 
lar system, due to a scale factor larger than 10000. This problem can be solved by providing a substitute representa- 
tion of each planet in form of a photographic raster image. The developed prototype of the planet tool is checked 
with a validation software against the rules of the applied eBook standard ePUB 3. “The rules are there to ensure 
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that your content can be opened and rendered by any reading system. They can’t tell you how your content will look 
on any given reading system, but they can alert you to bugs that are the result of bad markup.” (Garrish and Gylling, 
2013 ). 


6. Discussion of the results 


6.1 Solar System overview 


The first page of the prototype is developed as a complete eBook application. The map of the solar system is gen- 
erated dynamically when the page is loaded and shows a heliocentric cartesian projection of the planetary orbits in 
the plane of the ecliptic. 



Animation 


Namen 


Koordinatensystem: 
Heliozentrisch Kartesisch 
Projektionsebene: Ekliptik 


Astronomische Einheiten 
(1 AE = 149597871 Kilometer) 


(©)) Jupiter 


Planetengrosse: 


Zoomfaktor: 5 


Planetenbahnen 


Ellipsen 


Planetenpositionen 


& Aktuelle Positioner! 

Tage Monate Jahre 


Aktuelles Datum 
4 2 2017 


Sonstigas 


Massstab etc. 


Fig. 1 . Solar System overview (Sun and planets are enlarged with factor 1000). 


The following tools allow the emphasis of natural size ratios and distances in the solar system (see Fig. 1): 

• Zoom buttons for each planet: Planet orbit views (top left) and detailed resp. natural views (bottom left) 

• Scaling buttons for planet sizes (top right): equal size (all planets have the same size), true to scale (planets are 
too small for being visible), 1000 times enlarged (all planets are visible). 

• Display of the current zoom factor (top left) and scale bar (bottom left) 

The following tools allow a more precise exploration of planet orbits and planet positions (right): 

• Buttons for the depiction of planet orbits: Ellipsis and Circles 
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• Button for the depiction of planet positions in realtime 

• Buttons and input elements for the depiction of planet positions at any timel 

• Buttons for the animation of planet movements (forward, backward) 

Switching between the three variants of planet size users modify the scale of the planets while the scale of the orbits 
remains the same. This is the key function to point out the natural size of the planets in proportion to their orbits. It 
is important that the different scales for planets and planetary orbits are known at any time. Furthermore, rounded 
and thus better memorable scaling values are useful for this function. Therefor a scale factor of 1000 is predefined. 
More optional scale factors may be provided in a second version of the prototype. The author assumes that a scale 
function with continuously variable scale factors (usually served with a slider) would be less feasible, since odd 
numerical values are probably less memorable for students. 


62 Planet Saturn 


The second page of the prototype introduces the planet Saturn (see Fig. 2). An interactive 2D graphic shows a 
size comparison of Saturn with the Earth and Saturn's largest natural satellites with the Moon (top left). The graphic 
can be enlarged with a “tap” to full screen size. Two text blocks contain introductory information about the planet 
(middle left and bottom right). A video offers an insight into the work of a research project of NASA, which is part 
of a current satellite mission (bottom left). A table contains selected physical and orbital data, and further character- 
istical data of the planet (top right). A direct comparison with the data of a second planet (e.g. the Earth) is provided. 


1 The calculation of the planet positions is valid from 1800 until 2050 A.D. 
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Grossenvergleich: Erde, Mond, Saturnmonde, Saturn 



5000 km 


Saturn ist der zweitgrosste Planet im Sonnensystem und einzig in seiner Art. Er 
hat etwa den lOfachen Durchmesser der Erde und rotiert mehr als doppelt so 
schnell um seine Achse. Deshalb ist er an den Polen stark abgeplattet. Er hat mit 
0,7 Gramm pro Kubikzentimeter die geringste mittlere Dichte aller Planeten. Zum 
Vergleich: Wasser hat eine Dichte von 1 ,0 Gramm pro Kubikzentimeter, und die 
Erde eine mittlere Dichte von 5,5 Gramm pro Kubikzentimeter. Trotz seines 
764fachen Volumens ist er also nur etwa 95 Mai schwerer als die Erde. Seine At- 
mosphare besteht fast nur aus Wasserstoff (96 Prozent) und Helium (3 Prozent). 
Saturn ist der aulierste Planet, der mit bloliem Auge noch erkennbar ist. Die Wol- 
kenhulle besteht aus Methan und Ammoniak und zeigt wirbelformige 




Saturn 

Erde 

Physikalische Eigenschaften 

Aquatordurchmesser: 

120536.0 km 

12756.3 km 

Masse: 

95.2 Erdmassen 

1 .0 Erdmassen 

Mittlere Dichte: 

0.7 gr/cm 3 

5.5 gr/cm 3 

Fallbeschleunigung: 

10.4 m/s 2 

9.8 m/s 2 

Rotationsperiode: 

10.6 h 

23.9 h 

Neigung der Rotationsachse. 

26.7° 

23.4° 

Temperatur Minimum: 

-143.0 °C 

-89.0 °C 

Tempera tur Maximum: 

-132.0 °C 

58.0 °C 

Orbitale Eigenschaften 

Grosse Halbachse: 

9.5 AE 

1.0 AE 

Siderische Umlaufzeit: 

10759.3 d 

365.3 d 

Mittlere Orbitalgeschwindigkeit: 9.7 km/s 

29.8 km/s 

Kleinster Erdabstand: 

8.0 AE 

0.0 AE 

Grosster Erdabstand: 

11.1 AE 

0.0 AE 

Neigung der Bahnebene: 

2.5° 

-0.0° 

Sonstiges 

Anzahl Monde: 

62 

1 

Ringsystem: 

stark ausgepragt 

keines 

Kategorie: 

Gasriese 

Erdahnlicher Planet 

Chemische 

Wasserstoff: 

Stickstoff: 78,08 % 

Zusammensetzung: 

96,3 ± 2,4 % 

Sauerstoff: 20,95 % 


Helium: 3,25 ± 2,4 % 

Argon: 0,93 % 


Methan: 0,45 ± 0,2 % 

Kohlenstoffdioxid: 0,038 % 


Ammoniak: 

Neon: 0,002 % 


0,026 ± 0,004 % 



Stromungen. Am Aquator herrschen Windgeschwindigkeiten von bis zu 1700 Ki- 
lometem pro Stunde. Die Temperaturen sind abhangig vom Druck in der Atmo- 
sphare. Bei einem Druck von 1 bar, was dem Luftdruck der Erdatmosphare auf 
Meereshohe entspricht, liegen sie bei etwa -140° Celsius. Die deutlich erkennba- 
ren Ringe beginnen etwa 7000 km oberhalb der Atmosphare und sind zusammen 
etwa 73000 km breit. Sie liegen in der Aquatorebene des Satums und sind zwi- 
schen 10 und 1000 Meter dick. Sie bestehen hauptsachlich aus Gesteins- und 
Wassereisbrocken, Eiskristallen aus Methan und Ammoniak. 


Fig. 2. Introduction of Saturn. 


6.3 Planets in a direct comparison 


A graphic file originally created for print production was prepared and enhanced with interactive features to gen- 
erate the third sample page of the prototype. The atlas page had originally a portrait format and was too large for a 
tablet display. Therefor it was divided into two parts with landscape format. This sample page shows the planets of 
the inner Solar System in comparison with the Sun (see Fig. 3, from left to right): 

• A photographic comparison (with different image scales) is complemented by the view of the apparent planet 
size in the night sky (minimum and maximum, all in the same scale). 

• The main physical and orbital characteristics of the planets are listed in the following section. 

• Interactive 2D graphics show a direct size comparison of the planets and the sun. The average density of each 
celestial body is represented by a grey value of the fill color. The rotation speed of each planet is visualized 
with an animation in a separate window which pops up after a “tap” on the respective planet graphic. 

• Orbital speed, orbital inclination and the inclination of the rotation axis are visualized with interactive graphics 
in the right section of the page. The animation starts after a “tap” in a popup window. 

The footer of the page contains the explanation of the tap symbol (left) and the used abbreviations. A scale bar 
complets the cartographic depictions (right). 
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Naturahnliches Aussehen Schwankung der 
scheinbaren Grosse 


Si 

^4 


VF = Vergros&erungsfaktor im Ver 


ra 


Mil emem Tip 
offnet sich ein 


auf dieses Symbol S = Scheinbare Grosse 
Popup-Fenster 1 Bogeosekunde * 0. 1 mm 

(Angaben fur das Jahr 2014 j 


Name, Anzahl Monde 
Kennzahlen 

Mars 2 

a = 6792 km 
D = 3.93 gr/cm 1 
M = 0.11 Erdmassen 
G = 3.69 nrtfs 2 
U = 686.98 d 
W = 779.94 d 
E = 1.52 AE 

Erdei • 

a = 12756 km 
D = 5.51 gr/cm J 
M = 1.00 Erdmassen 
G = 9.81 m/s* 

U = 365-26 d 
W = NaN d 
E = 1.00 AE 

Venus 

a = 12103 km 
0 = 5-24 gr/cm J 
M = 0.82 Erdmassen 
G = 8.87 m/s' 

U = 224.70 d 
W « 583.92 d 
E = 0.72 AE 


Merkur 

a » 4879 km 
D = 5.43 gr/cm* 

M = 0.06 Erdmassen 
G = 3.70 m/s 2 
U = 87.97 d 
W = 1 15.88 d 
E = 0.39 AE 


Sonne 

a = 1392700 km 
D = 1.41g/cm3 
M = 330 000 EM 
G = 274 m/s2 


Rotation 

Dichte 


Orbitalgeschwindigkeit Neigung der Bahnebene 

Neigung der Planetenachse <zur Ekliptik) 


' ^ 86 760 knVh k 

9 *9 1 1 51 


9 - 


9 - 


125 897 kmfti | 3 « 24 . 


0% 

— 12.5% (Saturn) 


K 


L 100% (Erde) 

a Durchmesser (am Aquator) G SchwerebescMeunigung 


D. Dichte (durchschnitdtcb) 
M: Masse in Erdmassen 


E:Mittlere Entfemung zur Sonne ± grbsste Abwetchung 
U:Sideriscbe Umtaufzeit (m Jahren und Tagen) AE Mitttere Entfemung Erde- Sonne (Astronomische Einheit) 

W:Synodische Umlaufzeit (Phasenwederkeftr in Tagen) 1AE = 149.6 Mio. km 




Fig. 3. A direct comparison of the planets of the inner Solar System and the Sun. 


The emphasized presentation of selected information in a popup window is one of the most important presenta- 
tion forms which an eBook can provide for school lessons. Animation and sound are additional and supportive con- 
tent resp. design elements. During the presentation in a popup window the students' attention is “fixed” to the pre- 
sented content. Thus, there is a good opportunity that the information is impressed upon the memory of the students. 


6.4 Saturn moon Enceladus 


The fourth sample page of the prototype introduces Saturn's moon Enceladus (see Fig. 4). A table with selected 
physical and orbital characteristics of the moon is dynamically generated when the page loads (top left). Two text 
blocks contain introductory information about the moon (middle left and bottom right). Photos are composed in a 
gallery and show detailed views of Enceladus’ surface and its inner structure. All photos can be interactively en- 
larged to full screen size. The image on top of the second column shows the rings and inner moons of Saturn (in cor- 
rect size-ratio) in an oblique view to the orbital plane of the moons. An audio file sounds after the image is enlarged 
(with a tap) to full screen size. The largest image, in the middle of the page, is a current photographic view of Encel- 
adus. The land area of Switzerland is shown below the image for size comparison. Saturn and the orbits of its inner 
moons are shown in a view perpendicular to the orbital planes (top right). Enceladus’ velocity of circulation is 
shown with an animation in a popup window. An audio file sounds at the beginning of the animation. At the end of 
the animation, the following textual information is faded in sequentially: Length of the orbit (in km), Duration of a 
revolution (in h, min, s) and Orbital velocity (in km/s). 
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Dione 


, rometheus 


Enceladus (Saturnmond) 

Mittlerer Durchmesser: 504.2 km 

Masse: 1.08 x 10 2 kg 

Mittlere Dichte: 1 .608 gr/cm 3 

Fallbeschleunigung: 0.114 m/s 2 

Siderische Rotation: 1.37022 d 

Achsneigung: 0 0 

Oberflachentemperatun -240 / -128 °C 

Grosse Halbachse: 237948 km 

Siderische Umlaufzeit: 1 .37022 d 

Mittlere Orbitalgeschwindigkeit: 12.6353 km/s 
Bahnneigung: 0.019“ 

Enceladus wurde am 28. August 1789 von dem briti- 
schen Astronomen Wilhelm Herschel entdeckt. Be- 
nannt wurde der Mond nach dem Giganten Enkela- 
dos (lateinisch: Enceladus) aus der griechischen My- 
thologie. Enceladus ist der sechste entdeckte Satum- 
mond und der zwolfte entdeckte Mond im gesamten 
Sonnensystem. Enceladus umkreist Saturn auf einer 
prograden, fast perfekt kreisformigen Umlaufbahn in 
einem mittleren Abstand von 237.948 km (ca. 3,948 
Satumradien) von dessen Schwerezentrum, also et- 
wa 177.680 km uber dessen Wolkenobergrenze. Die 
Bahnexzentrizitat betragt 0,0047, die Bahn ist 0,019° 
gegenuber dem Aquator von Saturn geneigt, liegt al- 
so fast in der Aquatorebene des Planeten. Durch die 
niedrige Exzentrizitat variiert die Bahn in der Entfer- 
nung zu Saturn urn etwa 2.236 km. Enceladus um- 
lauft Saturn in 1 Tag, 8 Stunden, 53 Minuten und 6,82 
Sekunden. Die Rotationszeit ist gleich der Umlaufzeit. 


Innere Satummonde und Ringe (Quelle: I 


Detailansichten und Blick ins Innere (Quelle: NASA). 


Grossenvergleich mit der Schweiz 


Enceladus weist damit, wie der Erdmond und alle 
gro&en Trabanten der Gasriesen, eine synchrone Ro- 
tation auf, die sich somit ebenfalls binnen 1 Tag, 8 
Stunden, 53 Minuten und 6,82 Sekunden vollzieht, 
zeigt also immer mit derselben Hemisphare zu Sa- 
turn. Die Rotationsochse ist nicht gegen die Umlauf- 
bahn geneigt, steht also senkrecht auf der Umlaufe- 
bene. Enceladus ist annahemd kugelformig, mit ei- 
nem mittleren Durchmesser von 504,2 km. Die ge- 
nauen Abmessungen sind 513,2 x 502,8 x 496,6 km. 
Die Raumsonde Cassini untersuchte den Mond bei 
mehreren nahen VorbeiflOgen ab Marz 2005. Dabei 
entdeckte sie ein Magnetfeld und eine dunne Was- 
serdampf-Atmosphare. Da die Schwerkraft von Ence- 
ladus zu schwach ist, um die Gase langere Zeit zu 
halten, deutet dies auf eine dauerhafte Quelle auf 
dem Mond selbst hin. Die Gase stammen entweder 
von der Oberflache oder aus dem Inneren des Mon- 
des. Man vermutete, sie konnten durch Vulkane, 
Geysire oder andere Aktivitaten ausgestoBen wer- 
den. (Quelle: Wikimedia 2016). 


Fig. 4. Introduction of Saturns moon Enceladus. 

Switzerland's land area is a well-known geographical comparative figure (especially for Swiss students) which 
enables them to make a relation to their own environment. The size of Enceladus is shown in an illustrative way. For 
a direct comparison the positions of the current photographic view (middle of the page) and the graph of the moon 
orbits (top right) should be the same on each moon page of the planet tool. The photo gallery, the image of Saturn's 
rings and inner moons as well as the animated graphic of Enceladus’ circulation around Saturn are further examples 
of how selected content can be presented enlarged in a popup window. Animations and sounds are used to increase 
the students' attention. 


7. Conclusion and Outlook 


The presented prototype of a planet tool contains the full range of content elements of a multimedia eBook:^ 

• A complete HTML-application (on the first sample page), with the separation of graphic window and graph- 
ical user interface (GUI) 

• Interactive 2-dimensional graphics, scalable to full screen size, partially animated and enhanced with sound^ 


2 The open standard ePUB 3 does not support interactive 3-dimensional graphics. 
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• A video, integrated with a preview image, scalable to full screen size 

• An interactive table that allows a direct comparison of the most important characteristics of two planets. 

• A gallery with photos of a recent NASA mission and an information graphic about the inner structure of En- 
celadus. All images can be enlarged to full screen size. 

• A size comparison with a well-known geographical comparative figure. 

From the perspective of the author, the research question of this master thesis (see section 2) can be answered 
with a clear 44 Yes”: The technical and cartographical capabilities of the open standard ePUB 3 are sufficient to de- 
velop a multimedia eBook for modern high school education. During the development process there was only one 
case in which a desired function could not be implemented (see section 5.5). Actually, the provided fallback solution 
turned into an enhancement of the application: A photo shows a natural view of the planet instead of a simple vector 
outline. However, all requirements for the planet tool (see section 4) could be fulfilled. The evaluation of usability 
and readability of the prototyp is still an outstanding task. As mentioned in section 3, systematical user tests should 
be conducted with a larger group of teachers and students. Another pending task is the enhancement of the planet 
tool with an automatic adaption to an arbitrary screen size. With the applied “fixed layout” the aspect ratio of a sam- 
ple page is always maintained and the block elements of a certain page are always at the same relative position. 

To answer the research question, all functional tests and user tests can be conducted with only one device type (e. 
g. an iPad). However, the planet tool has to pass all tests at least on the commonly most popular device types (see 
section 3). With the “EPUB 3 Support Grid” (IDPF, 2016) the International Digital Publishing Forum (IDPF) leads 
a list of supported EPUB features by popular eBook readers (70 reading systems on 20th February 2017). The num- 
ber of supported ePUB features and the variety of design capabilities for multimedia eBooks increases over time. 
Therefore, fault-free functional tests on a new reading system resp. device type become more and more probable. 

Especially through the support of multimedia content and scripting, opportunities for the design and development 
of multimedia eBooks are vast. “The boundaries between the capabilities of native apps and ePUB ebooks can blur 
with JavaScript support in the longer term.” (Kammerle, 2012). In the near future, multimedia eBooks can enrich the 
media market both as “standalone” eBooks and as supplements for printed books. 
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